Background
==========

Individuals grow and develop central patterns of body fat into the diseases they will suffer from as older adults. These accumulated central patterns of body fat in any of the four critical growth stages (1. the intra-uterine period, 2. infancy, 3. mid-childhood and 4. adolescence) may be an independent risk factor for the development of elevated blood pressure, clustering of various cardiovascular risk factors in metabolic syndrome, type 2 diabetes, abnormal vascular wall thickness, endothelial dysfunction of left ventricular hypertrophy, high lifetime risk of hypertension, coronary heart diseases, stroke, respiratory problem and some cancers later in their lifetime \[[@B1]-[@B6]\]. Briefly, infancy, that is, from second postnatal month to two years, is characterized by high maternal investment, rapid growth particularly of neural tissue, the development of basic independent functional capacity and total dependence of the infant on the mother for survival \[[@B7]\]. Childhood extends from the end of infancy to the start of adolescence growth. Dietz \[[@B5]\] characterized the childhood stage as the period of adipose rebound occurring between ages 5-7 years. Heavier adults tend to have an age of adiposity rebound earlier than 6 years of age while lean adults tend to initiate their adiposity rebound after 6 years of age \[[@B8]\]. Adolescence (start at 10 years for girls and 12 years for boys) is initiated by the first appearance of the secondary sex characteristics or pubertal changes \[[@B9]\]. That is, the breast development in girls (at about 11 years of age), genitalia development (at about 11.5 years) in boys and pubic hair development in both sexes. In view of the rising public health problems of chronic diseases of lifestyle in adulthood, the need to elicit the development and tracking of central patterns of body fat from younger age and beyond is compelling.

Early prediction of obesity risk later in life is an important public health goal given the epidemic of obesity among children and adolescence \[[@B2],[@B10]-[@B12]\]. Hence, tracking or stability of a characteristic is used mostly in relation to the risk factors of the chronic diseases \[[@B13],[@B14]\]. Early detection of these risk factors can lead to the possibility of early treatment. Quantification of the stability of a characteristic over time is important from a public health perspective in a longitudinal research. Its importance is evident in the effectiveness of lifestyle intervention to improve health. If the stability of a characteristic is very high (close to one), the level of this characteristic is usually hard to change, and therefore the interventions that focus on these characteristics are predestined to be ineffective \[[@B15]\]. Knowledge of the level of tracking of a characteristic further helps to answer the question whether or not lifestyle interventions should be given to the whole population or to a sub-sample.

The purpose of this study was to describe the development of two trunk and two extremity skinfolds of rural South African preschool children (mean age of 4.9 years at base line to11.5 years) and primary school children (mean age of 8.5 years at baseline to 14.9 years) over a period of eight years (Ellisras Longitudinal growth and Health Study (ELS)). Trunk-extremity skinfold ratios were constructed and their development were highlighted during the same period. In addition, the existence of tracking of skinfold and trunk-extremity skinfold ratios were investigated.

Methods
=======

Sample
------

The ELS initially followed a cluster sampling method \[[@B16],[@B17]\]. In brief, the study was undertaken at 22 schools (10 pre-school and 12 primary schools) randomly selected from 68 schools within the Ellisras area. Birth records were obtained from the school admission register through the assistance of principals in each school. Only those records that were verified against health clinic records were used to determine the ages of potential participants. Each of the 22 selected schools was assigned a grade with the expectation that most of the children in a particular age category (i.e. 3,4, \... 9,10) would be found in that grade.

For the purpose of this analysis, data collected in May 1997,1998, 1999, 2000, 2001, 2002, 2003 and November 1996, 1997, 1998, 1999, 2000 and 2003 were included. A total of 2225 (550 preschool children mean age 4.4 years SD = 0.99 and 1675 primary school children mean age 8.0 years SD = 1.11) at baseline were followed throughout the periodic surveys. On average 1.05% of participants were permanently lost due to death and 11.47% subjects lost due to teenage pregnancy, illness, migration to urban areas and school drop-out were a temporary issue as the affected participants rejoined the study thereafter. A total of 1771 subjects (489 preschool children mean age 11.4 years SD = 0.96 and 1282 primary school children mean age 14.9 years SD = 1.11) were measured in November 2003.

Anthropometric measurements
---------------------------

All children underwent skinfolds measurements (biceps, triceps, subscapular, suprailiac), suggested by the International Society for the Advancement of Kinanthropometry (ISAK) \[[@B18]\]. A Harpenden (John Bull) skinfold calipers with inter-jaw pressure of 10 g/mm^2^surface jaw face area for skinfolds measurements to the last completed 0.1 mm was used. For the indicators of central patterns of body fat the following ratios, contrasting subcutaneous fat on the trunk with fat on the extremities were used \[[@B13],[@B19]\]:

Maturity
--------

The maturation assessment was included in the anthropometric survey of May 2001 and 2003 for all the children who were part of the ELS. The May 2003 assessment was included in the analysis. Breast development and genital/pubic hair development stages were assessed by visual inspection using Tanner rating scale pictures ranging from 1 (no development) to 5 (matured stage) \[[@B20]\]. To reduce embarrassment, older children were provided with a separate private space to complete the self assessment. Once completed, self assessment of the Tanner scale was verified by visual inspection at the \"skinfold measurements\" station. In instances where the average breast score was between two breast stages, the breast stage was rounded down because the higher breast stage has not been achieved. The palpation of the breast which is the superior method to assess breast development was not possible in this study. This was because it was conducted in a class room as it was included in the \"skinfold measurements\" station of the anthropometric survey. The qualitative Tanner score was converted into a quantitative variables (pubertal stage by Tanner Scale of both the sexual organ and the breast development): T1 = 0, T2 = 0, T3 = 1, T4 = 2, T5 = 3.

Quality control
---------------

The survey was carried out over a three-week period by 16 anthropometrists each year, who were required to undertake reliability testing as part of their training. This training was conducted by a level three criterion of ISAK following the guidelines of Norton and Olds \[[@B18]\]. The absolute and relative values for intra-tester and inter tester technical error of measurements (% TEM) for all the skinfolds measurements ranged from 0.2 to 6 mm (0.4 to 6.8%) each year.

Maturational status was assessed by well trained field workers stationed at the \"skinfold measurements\" station. The intra- and inter- tester reliability conducted on 20 subjects (10 boys and 10 girls) who were not part of the survey was 100% in agreement on pubic hair and 92% on breast development.

Ethics
------

The Ethics Committee of the University of Limpopo granted ethical approval prior to the survey and the parents or guardians provided informed consent.

Statistical analysis
--------------------

Descriptive statistics of the development of fat pattern variables were reported over time. Mann-Whitney U t-test was applied to test the significance differences between sexes.

Partial correlation coefficients controlled for maturation and age- were calculated to assess the association between the first fat pattern variables measurements and the follow-up measurements for boys and girls separately. Linear regression model was used to assess the relationship between fat pattern variables at the first measurements and the follow-up measurements, adjusted for age and maturation for boys and girls separately.

A longitudinal tracking (Generalized Estimating Equation (GEE) technique which measures the association between an indicator at the first period of measurements and the same indicator at all other periods of measurements was used with maturation and age being included in the model \[[@B21]-[@B24]\]. The statistical significance level was set at p \< 0.05. All the statistical analyses were done using the Statistical Package for the Social Sciences (SPSS) and the STATA program.

Results
=======

To examine the effects caused by the subjects who were absent, we compared skinfold thickness with the paired follow up subjects during each period of measurement. There was no significant difference (p \< 0.05) between subjects of the same age who were currently in the study and the drop-outs. Thus, dropout at this stage seems to have been random. Interestingly, to examine the effect of overlapping ages for skinfold thickness of preschool and primary school children we found a significant (p \< 0.001) difference at a younger mean age (mean age 7.9 to 9.6 years) for boys while there was no distinct pattern of significant mean skinfold thickness difference for girls across the overlapping ages with the majority of overlapping ages showing no significant difference (Table [1](#T1){ref-type="table"}).

###### 

Differences in the descriptive statistics for overlapping mean ages\#

  Variables   Overlapping Mean age\*   Triceps   Biceps   Subscapular   Suprailiac
  ----------- ------------------------ --------- -------- ------------- ------------
  PRS         7.9                      5.8       4.4      4.8           3.8
  PMS         8.1                      6.7       4.1      5.3           4.0
  P-value                              0.000     0.000    0.000         0.000
  PRS         8.5                      5.4       4.2      4.6           3.8
  PMS         8.5                      5.8       3.9      5.3           3.8
  P-value                              0.000     0.001    0.000         0.729
  PRS         8.9                      5.8       4.4      5.0           4.2
  PMS         9.1                      6.9       4.2      5.7           5.2
  P-value                              0.008     0.000    0.000         0.000
  PRS         9.9                      6.2       5.0      5.5           4.5
  PMS         9.6                      6.5       3.7      5.4           3.9
  P-value                              0.064     0.003    0.006         0.345
  PRS         10.9                     6.5       3.9      5.8           4.4
  PMS         10.6                     8.0       5.1      6.0           5.2
  P-value                              0.186     0.323    0.913         0.010
  PRS         11.5                     6.2       4.6      5.5           4.8
  PMS         11.6                     7.0       4.2      5.6           4.8
  P-value                              0.445     0.054    0.378         0.018
  **Girls**                                                             
  PRS         7.9                      7.0       5.2      5.6           4.4
  PMS         8.1                      7.8       5.7      6.5           5.2
  P-value                              0.840     0.020    0.675         0.783
  PRS         8.5                      6.4       4.9      5.2           4.4
  PMS         8.5                      7.3       5.5      6.0           4.9
  P-value                              0.008     0.969    0.338         0.137
  PRS         8.9                      7.2       5.3      5.7           4.9
  PMS         9.1                      8.1       5.0      6.6           6.2
  P-value                              0.452     0.064    0.002         0.001
  PRS         9.9                      7.6       5.9      6.4           5.4
  PMS         9.6                      8.6       5.3      6.9           5.8
  P-value                              0.003     0.662    0.041         0.000
  PRS         10.9                     8.8       6.4      7.4           6.6
  PMS         10.6                     9.5       6.2      6.9           5.9
  P-value                              0.611     0.119    0.831         0.550
  PRS         11.5                     8.3       6.0      6.8           5.9
  PMS         11.6                     8.2       5.2      6.5           5.7
  P-value                              0.762     0.193    0.188         0.482

PRS = Preschool, PMS = Primary school, \* in years

\# Fat pattern variables of Preschool (7.9 to 11.5 years) and primary school children (8.1 to 11.6 years) of Ellisras rural children

Figure [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} presents the development of the median triceps and subscapular skinfold thickness of Ellisras rural children compared to the reference population (National health and nutrition examination surveys III) \[[@B25]\]. The median triceps skinfold thickness of Ellisras rural children was significantly (p \< 0.001 to 0.05) higher for girls than boys in both the preschool and primary school children through-out the time span (Figure [1](#F1){ref-type="fig"}). The development of median suscapular skinfold of Ellisras primary school girls was significantly higher (p \< 0.001 to 0.05) compared to boys while preschool girls showed a significantly (p \< 0.001 to 0.05) higher median subscapular skinfold than boys between the mean ages of 6.9 years to 10.9 years (Figure [2](#F2){ref-type="fig"}). Figure [3](#F3){ref-type="fig"} shows the development of median subscapular/triceps skinfold ratio of Ellisras rural children. Primary school boys showed a significant high (p \< 0.001 to 0.05) skinfold ratios compared to girls while in the preschool children no clear pattern was observed (Figure [3](#F3){ref-type="fig"}).

![**Development of median triceps skinfold of Ellisras rural children and NHANES III (Frisancho, 1990) reference population**.](1471-2431-9-74-1){#F1}

![**Development of median subscapular skinfold of Ellisras rural children and the NHANES III (Frisancho, 1990) reference population**.](1471-2431-9-74-2){#F2}

![**Development of median subscapular/triceps skinfild ratio of Ellisras rural children**.](1471-2431-9-74-3){#F3}

Table [2](#T2){ref-type="table"} shows a specific tracking coefficient derived from partial correlation controlled for age and maturation between fat pattern variables values at the first measurement and the subsequent measurements. The tracking coefficient for triceps, biceps and subscapular skinfolds was high (r range from 0.20 to 0.82) and significant (p \< 0.05 and 0.001) from mean ages 4.9 to 8.5 years for preschool children and 8.5 to 12.0 years for primary school children. For pre school children (aged 8.9 to 11.5 years) and primary school children (aged 12.5 to 14.9 years) the triceps, subscapular and biceps skinfolds tracking coefficient was low at times insignificant (r = - 0.01 to 0.46). The tracking coefficient for the skinfold ratios was generally low and in most of the times insignificant (r = -0.01 to 0.58) for both preschool and primary school children (Table [2](#T2){ref-type="table"}).

###### 

Specific tracking coefficient\* between the first and the subsequent measurements

  Mean Age                                                          Triceps   Biceps   Subscapular   Suprailiac   ST      SST      SBT                                                             
  ----------------------------------------------------------------- --------- -------- ------------- ------------ ------- -------- --------- -------- -------- -------- -------- -------- -------- --------
  **Preschool children**                                                                                                                                                                           
  4.9                                                               0.66      0.22     0.50          0.58         0.39    0.45     0.39      0.54     0.38     0.32     0.44     0.31     0.45     0.33
  5.5                                                               0.70      0.23     0.58          0.61         0.47    0.47     0.52      0.64     0.44     0.37     0.51     0.34     0.50     0.34
  5.9                                                               0.65      0.28     0.39          0.52         0.37    0.42     0.39      0.52     0.30     0.34     0.39     0.32     0.39     0.28
  6.5                                                               0.62      0.24     0.39          0.50         0.31    0.40     0.33      0.49     0.20     0.29     0.27     0.25     0.30     0.26
  6.9                                                               0.44      0.17     0.24          0.39         0.30    0.26     0.32      0.33     0.23     0.06\*   0.25     0.03\*   0.19     0.05\*
  7.5                                                               0.45      0.17     0.25          0.33         0.26    0.35     0.16      0.30     0.20     0.01\*   0.21     -.01\*   0.18     0.05\*
  7.9                                                               0.38      0.16     0.21          0.31         0.18    0.34     0.06\*    0.23     0.03\*   0.18     0.05\*   0.14     0.04\*   0.21
  8.5                                                               0.38      0.15     0.26          0.33         0.20    0.29     0.08\*    0.20     -0.00    0.11\*   0.02\*   0.09\*   0.05     0.19
  8.9                                                               0.33      0.05\*   0.18          0.22         0.11    0.38     0.02\*    0.11\*   0.05\*   0.12\*   0.04\*   0.12\*   0.02\*   0.10\*
  9.9                                                               0.39      0.12\*   0.29          0.17         0.26    0.17     0.12\*    0.12\*   0.09\*   0.08\*   0.12\*   0.07\*   0.11\*   0.15
  10.9                                                              0.38      0.06\*   0.27          0.14         0.17    0.12\*   0.19\*    0.11\*   0.05\*   0.03\*   0.05\*   0.05\*   0.13     0.16
  11.5                                                              0.37      0.11\*   0.16          0.11\*       0.26    0.15     -0.01\*   0.11\*   0.03\*   0.02\*   0.04\*   0.14\*   0.11\*   0.19\*
  **Longitudinal tracking coefficient derived from GEE analysis**                                                                                                                                  
  Beta                                                              0.75      0.49     0.54          0.66         0.55    0.71     0.48      0.68     0.41     0.42     0.42     0.41     0.37     0.37
  P-value                                                           0.000     0.000    0.000         0.000        0.000   0.000    0.000     0.000    0.000    0.000    0.000    0.000    0.000    0.000
  (95%                                                              (0.68     (0.45    (0.48         (0.58        (0.49   (0.62    (0.40     (0.59    (0.36    (0.38    (0.37    (0.36    (0.33    (0.33
  CI\)                                                              0.82)     0.53)    0.60)         0.73)        0.61)   0.79)    0.56)     0.77)    0.46)    0.46)    0.47)    0.45)    0.42)    0.41)
  **Primary school children**                                                                                                                                                                      
  8.5                                                               0.66      0.76     0.67          0.79         0.48    0.67     0.55      0.72     0.44     0.54     0.43     0.49     0.42     0.58
  9.1                                                               0.68      0.75     0.74          0.82         0.51    0.68     0.54      0.73     0.49     0.58     0.49     0.54     0.53     0.64
  9.6                                                               0.63      0.67     0.52          0.52         0.33    0.58     0.34      0.60     0.28     0.39     0.26     0.38     0.27     0.38
  10.1                                                              0.62      0.68     0.44          0.47         0.35    0.53     0.41      0.58     0.23     0.33     0.25     0.32     0.28     0.35
  10.6                                                              0.51      0.55     0.24          0.36         0.25    0.48     0.35      0.44     0.11     0.14     0.12     0.14     0.15     0.16
  11.0                                                              0.43      0.56     0.24          0.38         0.27    0.49     0.39      0.48     0.09     0.12     0.10     0.15     0.12     0.22
  11.6                                                              0.48      0.52     0.24          0.34         0.30    0.44     0.37      0.45     0.08     0.10     0.09     0.13     0.11     0.23
  12.0                                                              0.47      0.49     0.22          0.32         0.28    0.40     0.34      0.44     0.08     0.14     0.09     0.15     0.13     0.25
  12.5                                                              0.35      0.45     0.22          0.32         0.25    0.38     0.21      0.39     0.04\*   0.13     0.04\*   0.14     0.04\*   0.13
  13.5                                                              0.42      0.46     0.22          0.29         0.28    0.34     0.30      0.37     0.04\*   0.14     0.07\*   0.17     0.06\*   0.14
  14.5                                                              0.41      0.43     0.22          0.30         0.24    0.32     0.27      0.36     0.02\*   0.12     0.11     0.13     0.08\*   0.12
  14.9                                                              0.42      0.44     0.22          0.27         0.28    0.31     0.25      0.39     0.03\*   0.12     0.11     0.14     0.08\*   0.16
  **Longitudinal tracking coefficient derived from GEE analysis**                                                                                                                                  
  Beta                                                              0.51      0.76     0.59          0.73         0.55    0.64     0.63      0.74     0.43     0.40     0.43     0.46     0.41     0.46
  P-value                                                           0.000     0.000    0.000         0.000        0.000   0.000    0.000     0.000    0.000    0.000    0.000    0.000    0.000    0.000
  (95%                                                              (0.45     (0.70    (0.54         (0.68        (0.50   (0.58    (0.57     (0.68    (0.40    (0.34    (0.41    (0.43    (0.44    (0.43
  CI\)                                                              0.57)     0.81)    0.63)         0.78)        0.60)   0.71)    0.69)     0.81)    0.45)    0.45)    0.46)    0.49)    0.46)    0.49)

ST = subscapular/triceps ratio, SST = subscapular/subscapular +triceps ratio, SBT = subscapular + suprailiac/biceps + triceps + subscapular + suprailiac, \* = not significant, \*\* =

\* Longitudinal tracking coefficient derived from GEE analysis, CI confidence interval and partial correlation coefficient controlled for age and maturation for fat pattern variables of Ellisras rural children.

Longitudinal tracking coefficient derived from GEE for skinfold variables was high and significant (P \< 0.001 to 0.05) for both preschool (*B*= 0.48 95%CI 0.40 0.56 to *B*= 0.75 95%CI 0.68 0.82) and primary school children (*B*= 0.51 95%CI 0.45 0.57 to *B*= 0.76 95%CI 0.70 0.81). Skinfold ratios showed a moderate tracking coefficient for both preschool (*B*= 0.37 95%CI 0.33 0.42 to *B*= 0.42 95%CI 0.36 0.45) and primary school children (*B*= 0.40 95%CI 0.34 0.45 to *B*= 0.0.46 95%CI 0.43 0.49) though the magnitude of the tracking coefficient was low compared to that of the skinfold thickness (Table [2](#T2){ref-type="table"}).

Table [3](#T3){ref-type="table"} shows regression coefficient, 95% confidence interval and p-value in the association of the initial fat pattern variables measurements and the subsequent measurements adjusted for age and maturation. Preschool children show a significant (p \< 0.001 to 0.05) strong association between the first triceps, subscapular, biceps measurements and all the measurements up to mean age of 8.5 years (Beta ranged from 0.19 95%CI 0.11 0.27 to 0.73 95%CI 0.4 1.0) while the association become low and insignificant from mean ages of 8.9 to 11.5 years (Beta ranged from 0.06 95%CI 0.01 to 0.31 95%CI 0.2 0.4). Similar trends were observed for primary school children aged 8.5 to 12.0 years (Beta ranged from 0.19 95%CI 0.16 0.30 to 0.81 95%CI 0.80 0.90) and from ages 12.5 to 14.9 years (Beta ranged from 0.11 95%CI 0.01 0.12 to 0.25 95%CI 0.21 0.34) though the magnitude of the association was slightly higher. The skinfold ratios show low and at times insignificant association through-out the age range (Beta ranging from -0.01 95%CI -0.15 0.14 to 0.19 95%CI 0.00 0.37) (Table [3](#T3){ref-type="table"}).

###### 

Regression coefficient, 95% confidence interval and *P*-value controlled for age and maturation in the association of the initial fat pattern variable measurements with subsequent measurements

                                Mean age in years                                                                                                                                                                                                                                 
  ----------------------------- ----------------------- -------- --------- -------- --------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- -------- ---------- --------
  **Preschool children**                                                                                                                                                                                                                                                          
  TRC                           0.61                    0.52     0.65      0.55     0.60      0.73     0.56       0.58     0.41       0.42     0.49       0.43     0.37       0.39     0.33       0.30     0.26       .10\*    0.31       .18\*    0.26       .08\*    0.24       .15\*
                                .5-.7                   .2-.8    .6-.7     .2-.9    .5-.7     .4-1     .5-.7      .2-.9    .3-.5      .1-.8    .4-.6      .1-.8    .3-.5      .1-.7    .2-.4      .0-.6    .0-.4      -.2.4    .2-.4      -.0.4    .2-.4      -.1.3    .2-.3      -.0.3
  BCP                           0.49                    0.58     0.61      0.63     0.36      0.50     0.35       0.45     0.21       0.40     0.26       0.33     0.22       0.28     0.28       0.26     0.14       0.17     0.29       0.14     0.23       0.10     0.13       .07\*
                                .4-.6                   .5-.7    .5-.7     .5-.7    .3-.5     .4-.6    .2-.5      .3-.6    .1-.3      .3-.5    .1-.4      .2-.5    .1-.4      .2-.4    .2-.4      .2-.4    .0-.2      .1-.3    .2-.4      .0-.3    .1-.3      .0-.2    .0-.2      -.0.2
  SUB                           0.45                    0.45     0.56      0.48     0.43      0.39     0.31       0.32     0.33       0.29     0.32       0.27     0.16       0.31     0.19       0.24     .08\*      0.26     0.22       0.10     0.14       .06\*    0.18       .08\*
                                .3-.6                   .3-.6    .4-.7     .4-.6    .3-.6     .3-.5    .2-.4      .2-.4    .2-.5      .2-.4    .2-.5      .1-.4    .0-.3      .2-.4    .1-.3      .1-.4    -.0.2      .2-.4    .1-.3      .0-.2    .0-.3      -.0.1    -.0.2      .1-.3
  SPR                           0.36                    0.55     0.43      0.64     0.31      0.44     0.26       0.43     0.27       0.29     0.13       0.25     .06\*      0.18     .07\*      0.14     .07\*      .07\*    .07\*      0.6\*    0.12       .06\*    0.18       0.08
                                .3-.5                   .4-.7    .3-.5     .5-.7    .2-.4     .3-.6    .2-.4      .3-.5    .2-.4      .2-.4    .0-.3      .1-.4    -.1.2      .1-.3    -.1.2      .0-.2    -.0.2      -.0.2    -.0.2      -.0.1    .0-.2      -.0.1    .1-.3      .0-.2
  ST                            0.39                    0.38     0.47      0.47     0.30      0.40     0.23       0.35     0.26       .07\*    0.25       .02\*    .03\*      0.3      .01\*      0.18     .05\*      0.15     .11\*      .12\*    .05\*      .03\*    .03\*      .19\*
                                .3-.5                   .2-.5    .4-.6     .3-.6    .2-.4     .2-.6    .1-.4      .2-.5    .1-.4      .1-.3    .1-.4      -.2.3    -.1.2      .1-.5    -.2.1      -.0.4    -.1.2      -.0.3    -.0.3      -.1.3    -.1.2      -.1.2    -.1.2      -.0.4
  SST                           0.44                    0.38     0.52      0.44     0.38      0.40     0.30       0.32     0.28       .04\*    0.26       .03\*    .06\*      0.25     .03\*      \*.17    .04\*      .15\*    .14\*      .10\*    .05\*      .06\*    .04\*      .17\*
                                .3-.5                   .2-.5    .4-.6     .3-.6    .3-.5     .2-.6    .2-.4      .1-.5    .1-.4      .0-.2    .1-.4      -.3.2    -.1.2      .0-.5    -.1.2      -.1.4    -.1.2      -.0.3    -.0.3      -.1.3    -.1.2      -.1.2    -.1.2      -.0.3
  SBT                           0.45                    0.43     0.52      0.47     0.38      0.37     0.34       0.34     0.20       .06\*    0.21       .06\*    .05\*      0.33     .06\*      0.30     .01\*      .13\*    .12\*      0.17     0.13       0.26     .11\*      0.25
                                .3-.6                   .3-.6    .4-.6     .3-.6    .3-.5     .2-.6    .2-.5      .2-.5    .1-.3      .0-.2    .1-.4      -.2.3    -.1.2      .1-.6    -.1.2      .1-.5    -.1.1      -.1.3    -.0.3      .0-.3    .0-.3      .2-.4    -.0.3      .1.4
  **Primary school children**                                                                                                                                                                                                                                                     
                                **Mean age in years**                                                                                                                                                                                                                             
                                **8.5**                          **9.1**            **9.6**            **10.1**            **10.6**            **11.0**            **11.6**            **12.0**            **12.5**            **13.5**            **14.5**            **14.9**   
                                **♂**                   **♀**    **♂**     **♀**    **♂**     **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**    **♂**      **♀**
                                **B**                   **B**    **B**     **β**    **β**     **β**    **B**      **β**    **β**      **B**    **B**      **β**    **β**      **B**    **B**      **β**    **β**      **β**    **β**      **β**    **B**      **β**    **β**      **β**
                                **CI**                  **CI**   **CI**    **CI**   **CI**    **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**   **CI**     **CI**
  TRC                           0.63                    0.73     0.65      0.72     0.57      0.60     0.49       0.56     0.42       0.43     0.32       0.37     0.33       0.33     0.27       0.28     0.21       0.23     0.20       0.21     0.19       0.20     0.19       0.19
                                .6-.7                   .7-.8    .6-.7     .7-.8    .5-.6     .5-.7    .4-.5      .5-.6    .4-.5      .4-.5    .3-.4      .3-.4    .3-.4      .3-.4    .2-.3      .2-.3    .2-.3      .2-.3    .1-.2      .1-.2    .1-.2      .1-.2    .1-.2      .1-.2
  BCP                           0.70                    0.79     0.78      0.81     0.52      0.51     0.44       0.43     0.24       0.33     0.24       0.30     0.26       0.24     0.24       0.20     0.19       0.19     0.18       0.17     0.15       0.18     0.18       0.16
                                .7-.8                   .7-.8    .7-.8     .8-.9    .4-.6     .3-.4    .4-.5      .4-.5    .2-.3      .3-.4    .2-.3      .2-.4    .1-.3      .2-.3    .2-.3      .2-.3    .1-.3      .1-.2    .1-.2      .1-.2    .1-.2      .1.2     .1-.2      .1-.2
  SUB                           0.58                    0.65     0.62      0.70     0.34      0.52     0.62       0.42     0.24       0.34     0.25       0.34     0.26       0.25     0.21       0.19     0.17       0.19     0.15       0.19     0.13       0.15     0.13       0.13
                                .5-.7                   .6-.7    .5-.7     .6-.8    .3-.4     .5-.6    .5-.7      .4-.5    .2-.3      .3-.4    .2-.3      .3-.4    .2-.3      .2-.3    .2-.3      .2-.3    .1-.2      .1-.2    .1-.2      .1-.2    .1-.2      .1-.2    .1-.2      .1-.2
  SPR                           0.57                    0.71     0.52      0.69     0.24      0.49     0.31       0.49     0.25       0.45     0.25       0.34     0.29       0.30     0.23       0.26     0.12       0.25     0.14       0.20     0.12       0.15     0.11       0.15
                                .5-.6                   .7-.8    .5-.6     .6-.7    .2-.3     .4-.5    .3-.4      .4-.5    .2-.3      .4-.5    .2-.3      .3-.4    .2-.3      .3-.4    .2-.3      .2-.3    .1-.2      .2-.3    .1-.2      .1-.2    .1-.2      .1-.2    .0-.1      .1-.2
  ST                            0.45                    0.58     0.51      0.63     0.29      0.41     0.26       0.37     0.13       0.18     0.11       0.14     0.10       0.14     .12\*      0.19     .05\*      0.16     .06\*      0.15     0.10       0.13     0.10       0.14
                                .4-.5                   .5-.7    .4-.6     .6-.7    .2-.4     .3-.5    .2-.4      .3-.5    .0-.2      .1-.3    .0-.2      .0-.2    .0-.2      .0-.3    -.0.2      .0-.3    -.0.2      .1-.3    -.0.2      .1-.3    .0-.2      .0-.2    .0-.2      .0-.2
  SST                           0.43                    0.51     0.50      0.58     0.30      0.40     0.26       0.34     0.15       0.35     0.12       0.17     0.11       0.17     0.12       0.16     .05\*      0.20     .07\*      0.15     0.10       0.18     0.11       0.14
                                .4-.5                   .4-.6    .4-.6     .5-.7    .2-.4     .3-.5    .2-.4      .3-.4    .0-.2      .3-.4    .0-.2      .1-.3    .0-.2      .1-.3    .1-.2      .1-.3    -.0.1      .1-.3    -.0.2      .1-.2    .0-.2      .1-.3    .0-.2      .1-.2
  SBT                           0.43                    0.59     0.57      0.67     0.26      0.40     0.31       0.40     0.16       0.18     0.13       0.24     0.12       0.29     0.14       0.34     .05\*      0.13     .04\*      0.14     0.05       0.12     .06\*      0.17
                                .4-.5                   .5-.7    .5-.6     .6-.7    .2-.3     .3-.5    .2-.4      .3-.5    .1-.2      .1-.3    .1-.2      .2-.3    .0-.2      .1-.4    .1-.2      .2-.4    -.1.1      .0-.2    -.0.1      .1-.2    -.0.1      .0-.2    -.0.1      .1-.3

♂ = Male, ♀ = Female, TRC = Triceps, BCP = Biceps, SUB = Subscapular, SPR = Surpailiac, ST = subscapular/triceps ratio, SST = subscapular/subscapular +triceps ratio, SBT = subscapular+suprailiac/biceps+triceps+subscapular+suprailiac, β = Beta, CI = 95% Confidence interval, \* = not significant at p \< 0.05

Discussion
==========

In this study the development and tracking of central patterns of subcutaneous fat of rural South African children aged 5 to 15 years was presented. A significant high subcutaneous fat (triceps, biceps, subscapular and suprailiac skinfold) was observed for girls compared to boys over time. Primary school boys exhibit high skinfold ratios than girls over time. To assess the stability of certain variables in time or assess the predictive value of variables which are measured in early life, the computation of tracking coefficients are considered to be critical in longitudinal epidemiological studies. Recommendations for interpreting tracking correlations are as follow: \<0.3 = low, 0.3 to 0.6 = moderate and \> 0.6 = high \[[@B26],[@B27]\]. Based on these recommendations, the results of this study suggest that skinfold measurements demonstrated a moderate tracking while skinfold ratios settled for a low tracking of both Ellisras rural preschool and primary school children.

Primary school children in the present study show low development of median triceps and subscapular values through out the age range compared to the reference population (National health and nutrition examination surveys III) \[[@B25]\] (Figure [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). There is no clear pattern between preschool children and reference population in the development of subscapular skinfold (Figure [2](#F2){ref-type="fig"}) through out the mean age range while for the development of median triceps skinfold for both boys and girls was high through out the age span compared to the Ellisras pre school sample (Figure [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). The development of central patterns of body fat in the Ellisras children started in both childhood and adolescent spurt and was consistent with findings from other studies \[[@B5],[@B8],[@B11]-[@B13],[@B19],[@B28]-[@B30]\]. Furthermore, similar to the current study the skinfold ratio (suscapular/subscapular + triceps skinfold) was consistently higher for boys compared to girls through out the childhood and adolescent spurt \[[@B19],[@B31],[@B32]\]. In contrast, Cronk *et al*\[[@B33]\], Malina and Bouchard \[[@B34]\] and Koziel and Malina \[[@B35]\] reported a small increase in subscapular thickness while triceps skinfold did not show an increase during the adolescent spurt.

There are a few longitudinal studies in which the stability coefficient for subcutaneous fat variables was assessed over more or less the same length where the current study was carried out. In the Amsterdam Longitudinal Growth and Health Study (r = 0.60 to 0.81 between the ages 13 and 16 years) \[[@B2],[@B13]\] and the Muscatine Study \[[@B30]\] the stability coefficients of subcutaneous fat variables were higher compared to our study. Tracking of the skinfold ratios reported from the Paris Growth Study \[[@B36]\] (r = 0.40 to 0.50 between the ages 16 and 21 years) and Project HeartBeat! \[[@B29]\] (r = 0.4 to 0.81 between the ages 8, 11, 14 examine over 1 to 3 years) was similar to the current study. Similar to the current analysis, we found a significant tracking of body mass index for these children (preschool children (B = 0.6 (95% CI 0.6-0.7) and for primary school children (B = 0.6 (95%CI 0.5-0.6) \[[@B37]\].

In previous report, the current sample was reported to exhibit high prevalence of stunting and wasting particularly at an older age while thinness (preschool children ranged from 39.4 to 42.6% and primary school children ranged from 23.7 to 30.0%) was a major public health problem compared to overweight (pre school children ranged from 0 to 3.9% and primary school children ranged from 0 to 15.5%) \[[@B16],[@B17],[@B37]\]. Cameron and Demerath \[[@B3]\] reported that growth retardation or malnutrition in early foetal development alters hypothalamic development such that appetite control or energy maintenance functions are permanently reset to high energy efficiency to promote the rapid gain of weight.

The influence of fat distribution in the Ellisras population may also be mediated by the sex steroid hormones which could be described as android patterns for males and gynoid patterns for females. The android pattern is central or visceral and the gynoid pattern is peripheral and mostly notable at the gluteal-femoral region. Visceral fat is more mobile and gluteo-femoral is described as sluggish in terms of lipid mobilization \[[@B3]\]. Bjorntorp \[[@B38]\] describe the gluteo-femoral deposition of fat as related to high lipo-protein lipase and slow lipid mobilization. The increase in size of gluteo-femoral deposits in girls around the time of menarchy may thus be because of peri-menarcheal increase in progesterone level \[[@B3]\]. Furthermore, serum testosterone is associated with an increase in subcutaneous trunk fat in pubertal males while higher concentration of oestrogen in early pubertal girls is associated with a gynoid distribution of body fat \[[@B26]\]. However, the relationships among steroid hormones adiposity and relative fat distribution are complex and may be mediated by sex steroid stimulated growth hormone release \[[@B39]\]. Cameron and Demerath \[[@B3]\] reported high subcutaneous level at the subscapular and the triceps sites to be positively related to both insulin concentration and insulin resistance.

Tracking of the central patterns of body fat in this study may also be affected by the developmental features of children. There was more heterogeneity among Ellisras girls than boys for the tracking correlation coefficient either through GEE or partial correlation coefficient or linear regression. The onset of puberty affects different anatomic well defined body sites of fat differently \[[@B28]\]. This could be supported by slightly higher tracking coefficients in Ellisras girls compared to boys over time. The eight years duration of the study with measurements carried out twice yearly not only provide accurate tracking measurements of the central patterns of body fat but also account for the slightly lower tracking coefficient in the last three measurements for both preschool and primary school children as it was the case in other studies \[[@B2],[@B4],[@B13],[@B40]\].

Selection of skinfold and skinfold ratios as indicators for the central patterns of body fat in children is of real concern given the challenges in measuring due to slightly larger inter and intra tester reproducibility of the skinfold measurements as it was also the case in the present study \[[@B41]-[@B43]\]. However, currently skinfolds are the most suitable indicators until such time when indicators can be found after the patho-physiological mechanism relating to central pattern of body fat to cardiovascular disease morbidity and mortality is clarified \[[@B2],[@B13]\]. Furthermore, the assessment of breast development was also problematic. Although we were able to obtain a visual assessment of breast development rather than relying on the self reports from girls, fat tissue can be mistaken for breast tissue in cases where the breast is not palpated. However, a key advantage of this method is that it is widely used by researchers and clinicians thereby increasing its applicability. Physical activity and fitness of these children were not controlled in the analysis. Finally, in our study girls were never asked if they had once given birth as some subjects missed measurements sessions more than one occasion and rejoined the study thereafter. Many adolescent girls, particularly in rural areas of South Africa today, have multiple pregnancies as a results of poverty and other social factors. It is common that initially women become overweight after their first birth child \[[@B44]\]. Very few, if none do engage in hard physical activity, sports or work after pregnancy hence they do not lose weight.

Conclusion
==========

The accumulation of central patterns of body fat for Ellisras children starts in childhood and adolescent stage. Both Ellisras pre school and primary school girls showed a high subcutaneous fat compared to boys from the childhood stage and beyond. Preschool and primary school boys showed a consistent high skinfold ratios compared to girls over time. Tracking coefficient for skinfold thickness was significantly high for both preschool and primary school children, while it was slightly lower for the skinfold ratios. Investigation of nutritional intake and physical activity patterns over time will shed light on how healthy these children are and their lifestyle is. Community awareness on healthy life style may have a key role in the prevention of obesity later in life.

Competing interests
===================

The authors declare that they have no competing interests.

Authors\' contributions
=======================

KDM participated in the study design, data collection, analysis and interpretation of data, drafting of the manuscript, critical revision of the manuscript for important intellectual content and administrative, technical, and material support, such as supervision of the study. PJM participated in the design, coordinated the data collection and critical revision of the manuscript for important intellectual content. HCGK participated in study the design, data analysis, interpretation and critical revision of the manuscript for important intellectual content. All the authors read and approved the final version of the manuscript.

Pre-publication history
=======================

The pre-publication history for this paper can be accessed here:

<http://www.biomedcentral.com/1471-2431/9/74/prepub>

Acknowledgements
================

The financial support received from Vrije University, Amsterdam, The Netherlands and the University of the North, South Africa, National Research Foundation and the Medical Research Council of South Africa for the Ellisras Longitudinal Growth and Health study is also acknowledged with gratitude. The authors are indebted to the ELS administrators Mr TT Makata and Mr UT Motlogeloa for coding the data. Monyeki MS and Malatji MJ (Makgoka Secondary School, Limpopo Province) are thankfully acknowledged for editing this manuscript.
